Through outdoor water consumption, residential landscaping behavior affects public policy and the environment in the American Southwest. We propose a decision framework based on cost, ecological constraints, laws, and individual preferences. Controlling for cost, ecological constraints, and laws, we surveyed residents in metropolitan Phoenix, Arizona, using computer-generated landscape images to examine the effects of environmental attitudes (measured using Dunlap's New Ecological Paradigm), socialization, aesthetic affect, and demographic variables on landscape preferences. Landscape images varied from low-water xeriscapes to lush designs. Residents preferred high-water-use landscapes over dry landscapes for their own yards, even though they considered desert landscapes to be aesthetically pleasing. Women and long-term residents of the area were significantly more averse to dry landscapes. Stronger environmental attitudes did not lead to preference for xeriscapes but did lead to compromises on the amount of turf grass preferred in lush landscapes. This may contribute to the "oasis" mentality commonly found among area residents.
Introduction
The desert southwest area of the United States has seen rapid population growth over the past three decades (Sutton & Day, 2004) . The Phoenix, Arizona, metropolitan area grew from a collection of small towns with a total population of 375,000 in the 1950s to a megalopolis of 3.9 million by (Greater Phoenix 2100 U.S. Census Bureau, 2007) . With its high growth rate, the city of Phoenix is estimated to have surpassed Philadelphia, in late 2005, as the nation's fifth most populous city (U.S. Census Bureau, 2006) . Conservative estimates of growth suggest that the population of the metropolitan area will reach 6 million by 2050 (Maricopa Association of Governments, 2004) . Major policy challenges include assuring a sufficient supply of water in the arid Southwest and the environmental effects of diverting water from natural habitats. Per capita residential water use in metro Phoenix municipalities ranges from 226 to 400 gallons per day. The national average is 100 gallons per capita per day (Mayer, DeOreo, Nelson, Opitz, & Allen, 1997) . High per capita water use in the desert Southwest results primarily from outdoor landscaping behavior in an arid environment (Martin, 2001) . Outdoor water use in Phoenix accounts for 60% of total residential water use (Ray Quay, personal communication, March 2005) . The current dominant policy approach is to reduce outdoor residential water use to allow economic and population growth to continue (Casagrande, Hope, Farley-Metzger, Cook, Yabiku, & Redman, 2007) . Paradoxically, much of the growth results from lifestyle expectations that are tied to water-intensive residential landscaping (Figure 1 ).
Because more residential water is used outdoors than indoors, the decision as to what kind of residential landscape a homeowner chooses has substantial implications for water consumption in the Phoenix metropolitan area and similar areas in the Southwestern United States. Few research studies have put forth comprehensive frameworks for theorizing how landscape decisions are formed in areas of the American desert southwest and arid coastal west. In this article, we develop a framework of landscape choice and empirically test parts of this framework.
Background
A variety of factors influence individual residential landscape choices. We conceptualize residential landscape choice as a framework composed of the following factors: costs, ecological constraints, laws, and personal preferences. Costs include expenses and labor to install, improve, or maintain a landscape. In the desert southwest, landscape choices can affect costs may affect other homeowner costs. Research shows that vegetation in arid areas has significant effects on microclimate temperature (Stabler, Martin, & Brazel, 2005) . Homeowners with extensive irrigated turf grass may have cooler microclimates-and lower summer cooling costs-compared to homeowners whose landscapes are primarily native shrubs and trees (McPherson, Simpson, & Livingston, 1989) .
Ecological constraints are another limiting factor in landscape choice. Because of the climate or the local presence of diseases and parasites, not all species are suitable to all areas. Summer temperatures often exceed 110 °F in the Phoenix area. Typical rainfall is seven inches per year, concentrated in the summer monsoon and winter rains (Jacobs & Holway, 2004) . Turf grasses from more temperate zones are unable to tolerate these conditions, and grasses such as Bermuda or St. Augustine are used instead. Nonnative plants also have higher mortality and need to be replaced more frequently, which increases costs.
Laws and covenants are another limitation on landscape choice. In many new housing developments in the United States, residents are bound to a set of restrictions in addition to local, state, and federal laws. Like many rapidly growing areas in the southwest, homeowners' associations (HOAs) are very common in metropolitan Phoenix. Although the reasons for HOAs can be traced to desires for "social control and homogeneity, the response to a fear of crime, and the maintenance of property values" (Luymes, 1997) , there are consequences for landscapes. HOAs usually impose restrictions on landscape choice, such as whether front yards must contain turf grass or what species of plants can be planted. These requirements are contained in HOA covenants, conditions, and restrictions, or CC&Rs (Martin et al., 2002) . Because CC&Rs are legally binding documents, they significantly affect homeowners' landscaping behaviors. In a survey of Phoenix residences, homeowners with CC&Rs had significantly more shrubs and significantly less turf grass than homeowners not bound by CC&Rs (Martin et al., 2002) . CC&Rs are found in newer developments far from the older, central areas of Phoenix where turf grass is more common.
Costs, ecological constraints, and laws affect landscaping behavior but still allow for flexibility at the household level through preferences, which are the main focus of this article. These are mediated through the variability of landscapes and levels of water use within neighborhoods, as well as across the metropolitan area (Hope et al., 2006) . Our narrow focus on preference benefits from a research design that holds constant the cost, ecological, and legal factors that also influence landscape choice. In addition, a focus on preferences is critical because many believe that changes in preferences are the most important component in addressing water consumption needs. As expressed by a high-level, city of Phoenix water manager: "Meeting future water demand will require a significant change in individual lifestyle expectations" (Ray Quay, personal communication, March 2005) .
Individual Preferences and Landscape Choice
We focus on four aspects of individual preferences that are likely to influence landscape choice: environmental attitudes, socialization, aesthetics, and demographics. Environmental attitudes have long been a focus of study for a variety of reasons. Part of this interest comes from the premise that if environmental attitudes are related to environmental behaviors, then changing these attitudes could result in more environmentally friendly behaviors (CorralVerdugo 2002; Stern, 2000) . A large body of research has shown that environmental attitudes, beliefs, and values are associated with behaviors. Nordlund and Garvill (2003) found that ecocentrism was positively associated with the willingness to reduce personal car use. Corral-Verdugo, Bechtel, and FraijoSing (2003) found that people had greater water conservation behaviors when they also believed that humans' rights to use the environment must be balanced with nature. And Meinhold and Malkus (2005) reported that adolescents with proenvironmental attitudes were more likely to engage in proenvironmental behaviors, such as choosing environmentally friendly household products.
In the Phoenix area, typical environmental concerns are development of desert land, urban sprawl, and water conservation. We expect that individuals who have a general proenvironmental orientation will be more likely to choose landscapes that address these local concerns. A general ecocentric or anthropocentric orientation may influence decisions about landscape choice in a desert metropolitan area. We expect that individuals who are more ecocentric will choose landscapes with less turf grass, lower water demands, and more use of native plants.
Socialization is the process through which individuals learn how to live within society or within a specific group. The process is complex and multifaceted, and it applies to many domains of life. What is most applicable to landscape choice is the well-established premise that environmental experiences earlier in life can leave a lifelong imprint on an individual (Kyle, Mowen, & Tarrant, 2004) . The mechanisms that lead to these long-term effects include the familiarity and repetition of the experiences (i.e., recurrent throughout childhood) as well as the affective and emotional context in which the experiences occur (i.e., within the family). Note also that socialization can refer to the process by which an outsider to a group learns the behaviors, knowledge, and skills to become a member of the group (Wilson, 1996) . In these settings, peer and group pressures can also lead to the adoption of common group traits. Previous research has found links between socialization processes and environmental outcomes. McFarlane and Boxall (2003) reported that having a household member employed in the forest industry was positively associated with a more anthropocentric value orientation. A study by Bixler, Floyd, and Hammitt (2002) emphasized the long-term effects of socialization on environmental outcomes. The authors found more positive evaluation of natural environment and outdoor activities among young people who said they often played in wild environments as a child (e.g., streams, woods, and fields as opposed to alleys, playgrounds, and yards).
As it relates to landscape choice, socialization processes might suggest that individuals born in the desert southwest would have greater appreciation for native and low-water-use landscapes (Kennedy & Zube, 1991) . Prior research, however, does not support this association. In fact, Martin et al. (2002) found that among a sample of Phoenix homeowners, Arizona natives were the group with the lowest preference for desert landscape and the highest preference for mesic landscape (i.e., extensive turf grass). Similarly, in a survey of Las Cruces, New Mexico, homeowners, Spinti, St. Hilaire, and VanLeeuwen (2004) reported that the longer people lived in the desert southwest, the less desire they had to use native desert plants in their backyards. The explanation for this counterintuitive finding is that long-term residents of the areas may have lived in the older, central areas of the city where traditional turf grass lawns are more common. We suspect the same explanation applies to long-term Phoenix-area residents, many of whom would have spent time in the older areas of central Phoenix and Mesa-places where extensive turf grass and flood irrigation systems are common. We hypothesize that time spent in the Phoenix area will be negatively associated with native, low-water-use landscape choices.
Aesthetics play an important role in landscape choice. Many reasons have been proposed for why people desire their landscapes to be aesthetically pleasing. Visually appealing surroundings may increase "environmental satisfaction, morale, and psycho-social well-being" (Kahana, Lovegreen, Kahana, & Kahana, 2003) . Well-kept and beautiful landscapes add to a residence's property value. Homeowners can manipulate their landscapes for "cultural and economic status" (Martin, Warren, & Kinzig, 2004) . In addition, some scholars suggest that appreciation of aesthetic landscapes of natural scenes has an evolutionary component because these scenes "contribute to restoration from stress" (Kaltenborn & Bjerke, 2002; Parsons & Daniel, 2002) .
distribution.
Prior research confirms the importance of aesthetics, beauty, and appearance in residential landscapes. The study by Spinti et al. (2004) found that, among a set of reasons, residents felt the most important reason to have a landscape was to "make my yard more attractive," and the second most important reason was to "make my house more attractive." Similarly, the homeowners in the study by Martin et al. (2002) favored aesthetics over water conservation and landscape design type. We expect that individuals who think that the natural desert and its plants are beautiful will be more likely to favor native desert or low-water-use landscapes and will be less likely to favor landscapes with large amounts of turf grass.
Finally, landscape choice is likely to be affected by demographic factors, such as household composition, gender, and education. Individuals with small children will probably be more likely to prefer landscapes with turf grass for the children to play on. Also, parents may be less favorable of native desert landscapes, which typically contain cactus, because they may fear their children will get injured by the spines, needles, and sharp leaves that succulents often have. Zinn and Pierce (2002) studied the relationships between gender, parental roles, and perceptions of environment risk in the form of dangerous wildlife. They found that respondents who were female and respondents who were parents (regardless of gender) were more likely to have higher concern about potentially dangerous wildlife. If the parental role is associated with more environmental concern for risk, then conversely it could also be expected that respondents without young children might be more favorable to risky residential environments, such as the native desert.
Apart from the concern for young children, it is still unclear why gender differences in landscape preference exist. Prior research is mixed: In a study of pictures of natural environments, females had a slight preference for greener scenes compared to males (Lyons, 1983) , although Tips and Savasdisara (1986) found no differences between males and females in their evaluation of scenic landscape photographs. One possible reason for residential, as opposed to scenic, differences in landscape preferences may be related to the typical division of home labor: Men typically report more housework done outdoors, including yard work (Greenstein, 1996) . Compared to a large expanse of turf grass that requires mowing, men may prefer a native desert residential landscape because it appears easier to maintain.
It is generally found that more highly educated people have higher environmental concern (Dunlap, Van Liere, Mertig, & Jones, 2000; Gregory & Di Leo, 2003; Van Liere & Dunlap, 1980) . Thus, studies typically find that better-educated people are more likely to participate in environmentally friendly behaviors, such as recycling, and we expect that there will be distribution.
a negative association between educational attainment and preference for high-water-use landscaping.
In sum, our framework conceptualized four distinct domains likely to influence landscape preference: environmental attitudes, socialization, aesthetics, and demographics. We tested this framework using a survey of individuals in the Phoenix metropolitan area.
Study Area and Sample
North Desert Village (NDV) is part of a university housing complex on the campus of Arizona State University (ASU) Polytechnic in Mesa, Arizona (located within the Phoenix metropolitan area). In late 2003, the Central Arizona-Phoenix Long-Term Ecological Research project chose NDV as a long-term site for experimental manipulation and monitoring. As part of this experiment, four blocks (each composing six free-standing residential units) were assigned to random experimental treatment, representing four common landscapes in the Phoenix area: (a) a native desert landscape with native vegetation and no irrigation system; (b) a xeric landscape with low-wateruse plants and a drip irrigation system; (c) a mesic landscape with full turf grass, nonnative trees, and a sprinkler system; and (d) an "oasis" landscape, which combines elements of native, xeric, and mesic-small patches of turf grass surrounded by native and low-water-use plants. A fifth block of residences was used as a control and kept the current landscape regime, which was a combination of unmaintained turf grass and patches of dirt, with no irrigation system. Before the experimental sites were manipulated, a pretreatment survey was conducted. This pretreatment survey is the focus of our analysis. In the spring of 2004, face-to-face interviews were conducted with residents of the 29 units (one unit in the native desert block was never occupied). Although NDV is not a representative sample of the Phoenix metropolitan area, NDV's resident population is much more diverse than might be expected. NDV residence is open to faculty and staff from any of the four ASU campuses as well as students from those campuses and of other metropolitan colleges who are living in a family situation: students who are married, have children, or are related. All adults over the age of 18 in each household were contacted for interview, yielding a sample of 55 respondents.
Note that our research design benefits from a narrow focus on these 29 housing units in one community. Many other determinants of landscape choice, including costs, ecological constraints, and laws, are held constant. Residents do not pay to maintain their landscapes: They are not responsible for materials, labor, or water. Ecological constraints are also identical across the 29 units because of their close proximity to one another. Finally, all residents are bound by the same legal contracts governing what they can or cannot do on their properties. Thus, our analysis is able to focus purely on preferences, without having to control for these other confounding factors. Furthermore, residents are diverse in terms of the four factors we expect to affect landscape preference.
Survey Instruments and Analysis
Landscape preference, which is the dependent variable, was measured by showing respondents four pictures of a typical NDV residence, each with a different landscaping regime. The pictures were created by using a photo of an actual NDV residence that was digitally altered to resemble the experimental treatments: desert, xeric, mesic, and oasis. Plant species shown in the photos (Table 1) matched the actual plants later installed as part of the experimental manipulation. For each picture, respondents were asked how much they liked the landscape on a scale from "dislike very much," "dislike somewhat," "like somewhat," and "like very much." These responses are coded from 1 to 4, with higher values representing greater preference for the landscape.
Our independent variables capture different aspects of the four dimensions of landscape preference in our theoretical framework: environmental attitudes and beliefs, socialization, aesthetics, and demographics. Environmental attitudes and beliefs are measured with the New Ecological Paradigm (NEP) scale (Dunlap et al., 2000) , which measures a respondent's overall "ecological worldview." Each item in the NEP scale measures the respondent's level of agreement/disagreement with various environmental statements (scored from 1 to 4), and then these items are averaged. See Dunlap et al. (2000) for a full discussion of this scale and its theoretical aims. Socialization is captured by asking how many years the respondent has lived in the Phoenix metropolitan area. Aesthetics is measured with a question that asked respondents to rate their agreement, on a 1 to 4 scale, with the following statement: "The natural desert landscape is beautiful." Demographic variables include respondent and household characteristics, such as gender, education, and household composition. Gender is a dichotomous variable, with females coded 1 and males coded 0. We measure education with an 8-point ordinal scale. Previous literature suggests that the presence of young children is an distribution. important factor in landscape use. We create a variable that is the total number of children in the household of age 6 or younger. Our analysis uses linear regression to predict respondents' ratings of the four different types of landscape treatments: desert, xeric, mesic, and oasis. In each of our four models, we include predictors that correspond with the four dimensions that are hypothesized to influence landscape preference: environmental attitudes and beliefs, socialization, aesthetics, and demographics.
Results
Preferences for different kinds of landscapes varied (Table 2 ). Xeric and desert landscapes were the least preferred, rating 2.3 and 2.1, respectively, on a 4-point scale. Oasis (3.4) and mesic (3.7) landscapes were rated higher. We explored these differences in ratings across landscape types using repeated measures ANOVA with Tukey's adjustment for post hoc comparisons. All paired comparisons of ratings were significantly different at the 0.05 level except for the difference between xeric and desert landscapes. Despite living in a desert metropolitan area, respondents in the sample clearly preferred landscapes that were more lush and consumed more water.
The remaining variables indicated that on average, respondents had been socialized to living in the Phoenix area for about 13.5 years, but there was substantial variation (SD = 10.3 years, with a minimum of 1 and a maximum of 47). Respondents showed an appreciation of desert aesthetics. They tended to agree with the statement that the desert is beautiful (2.9 on a 1 to 4 scale of disagreement to agreement). The respondents had more of a proecological worldview than an antiecological orientation. After averaging the 15 items in the NEP scale (each item measured from 1 to 4), respondents in the sample averaged 2.9. The Cronbach's alpha for this scale was .76, suggesting a satisfactory level of reliability (Nunnaly, 1978) . Although our survey population cannot be considered representative of the larger Phoenix metropolitan area, we do not believe a slightly more proecological orientation in our population is unusual or extreme. In a national survey of the United States using the NEP, Johnson, Bowker, and Cordell (2004) also found a slightly more ecocentric orientation.
In terms of demographics, the sample was slightly more female (58%) than male (42%). Respondents' education averaged 4.8 on our 1 to 8 scale, which corresponds to slightly less than a bachelor's degree ("some college" was the modal response). On average, respondents' households had about one young child between the ages of 0 and 6. distribution. Table 3 presents the multivariate results of four models, each predicting the rating preference of four landscape types. Model 1 examines the preference for xeric landscapes (low-water-use plants with minimal supplemental watering). Xeric landscapes often feature many native desert plants, though not exclusively. Our indicator of socialization-years lived in Phoenix-has a significant, negative effect on the preference of xeric landscapes. Each year lived in Phoenix was associated with a 0.02 point decrease in the rating. Although this seems counterintuitive, the result is consistent with previous research that found individuals who are native to southwestern areas have decreased preferences for low-water-use and desert plants (Martin et al., 2002; Spinti et al., 2004) . We measured aesthetics with the respondents' beliefs that the natural desert was beautiful, and this measure has the expected positive association with xeric preference, but it was of borderline significance (p = .15). Environmental beliefs and attitudes, as captured by the NEP, were not significantly associated with xeric rating preference. Women liked the xeric landscape significantly less than men. Controlling for other factors, women rated this landscape 0.35 points lower than men. Previous research has shown that women tend to express higher environmental concern than men (Hunter, Hatch, & Johnson, 2004) , which might be expected to result in a preference for water-saving landscapes. Yet other research suggests that women prefer greener landscapes (Lyons, 1983) , which is consistent with women rating the xeric landscape lower than men. The number of young children in the household was not significantly associated with xeric ratings, nor was the respondent's education. Model 2 examines the ratings for native desert landscapes. These landscapes require no supplemental watering, and the plant species are native to the desert surrounding the Phoenix metropolitan area. As in the xeric rating, longer socialization to the Phoenix area had a significant negative effect on desert landscape preference. Although both the xeric and desert landscapes are arid landscapes and even share some plant species, respondents apparently differentiated between the two. For each one unit increase in the desert aesthetics variable, the rating of the desert landscape significantly increased by 0.23 points. This same measure was not significantly related to the xeric Note: All 55 respondents were asked to rate each of the four landscape types. *p < .10, two-tailed tests.
distribution.
rating (Model 1). Women had lower ratings of desert landscapes than men, but this was not a significant association (p = .17). The number of young children in the household and respondent's education were not significantly associated with desert ratings. Ratings for oasis landscapes are examined in Model 3. Recall that oasis designs feature a mix of low-and high-water-use plants: A mix of desert plants and nonnative turf grasses and trees that consume large amount of water. These designs are very common in the newer planned communities in the suburban metropolitan Phoenix area. The results in Model 3 show that the four dimensions of landscape preference-socialization, aesthetics, attitudes, and demographics-are not significantly associated with landscape ratings. Subsequently, the proportion of variance explained is substantially lower: only 4%, compared to 21% and 25% for the xeric and desert ratings, respectively.
Finally, Model 4 shows the results for mesic landscape ratings. Older, central city areas in metropolitan Phoenix tend to have mesic landscapes. These consume the most water and include completely nonnative turf grasses and nonnative trees. Socialization to the Phoenix area was not significantly associated with mesic ratings, nor was desert aesthetics. Proenvironmental values as measured by the NEP showed a strong negative association with preference for mesic landscapes. A one unit increase in the scale was associated with a 0.48 decrease in the mesic rating. The NEP scale was not a significant predictor of previous landscape types. The significant association only in the mesic landscape suggests how respondents are relating their ecocentric values to landscape preference. It appears that a strong ecocentric concern does not lead individuals to value low-water-use landscapes, but it may cause individuals to react negatively to a landscape that is clearly lush, green, and consumes large amounts of water. In terms of demographics, gender and education were not significantly related to mesic ratings, but the number of young children in the household had a significant positive effect on mesic landscape ratings. As expected, the more children in the household aged 6 or younger, the greater the preference for mesic landscapes: Each young child was associated with a 0.13 increase in the rating of mesic landscapes.
Discussion
In this article, we proposed a framework of landscape choice that is composed of four factors: costs, ecological constraints, laws, and preferences. Because our research design held the first three factors constant, we empirically tested the impact of preferences. We hypothesized how landscape choice distribution.
in the Phoenix metropolitan area would be affected by four dimensions of preference: environmental attitudes, socialization, aesthetics, and demographics. Overall, there was support for our hypotheses. Longer socialization to the Phoenix area decreased preferences for arid landscapes (xeric and desert). Those who agreed that the native desert is beautiful showed an increased preference for the desert landscape. Respondents with higher ecocentric orientations rated the mesic landscapes lower, whereas respondents whose households had young children expressed greater preference for mesic landscapes. In addition, women rated xeric and native landscapes lower than men, but the reasons for this association are less well-founded than the others.
An important pattern across the models is the substantial difference in predictive power. In the models of the xeric, desert, and mesic landscapes, explained variation ranged from 19% to 25%. In the oasis landscape, however, explained variation was substantially lower: only 4%. This is quite intriguing because it suggests the oasis design represents a compromise landscape between arid (xeric, desert) and mesic designs. Factors that drive a preference for oasis designs may represent a different typology that is not easily captured in a linear, additive model. In particular, it may represent a compromise model in which residents are reconciling their preference for turf grass with practical concerns about water scarcity and environmental values, as opposed to "preferring" the oasis per se.
Our analysis is not without shortcomings. The sample of NDV residents is a sample of renters, and thus their preferences may operate differently than homeowners. Another limitation is the lowered statistical power derived from the relatively small sample size. This low power is most likely apparent in the fact that predictors of landscape preference were not consistently significant across all four designs. Nevertheless, predictors were significant when they were theoretically most strongly tied to the specific landscape design, for example, desert aesthetics and preference for desert, strong ecocentric values and dislike of mesic, and presence of young children and preference for mesic. Thus we believe our results are not aberrations and would likely have been found in a larger study of this same population. Despite these limitations, we believe this analysis contributes to the discourse on landscapes, water consumption, and sustainability in the desert southwest.
work has studied the determinants of landscape choice, which often constitutes the majority of household water consumption in desert and arid coastal settings. We have proposed a framework of landscape choice and empirically tested one component of that framework (preference). Many water managers and policy makers assume that efforts to change landscape preferences using conservation messages will not significantly reduce outdoor residential water use. They argue that policies to reduce water use to allow for continued growth will require major restructuring of water pricing or municipal restrictions on landscaping through regulation of HOA CC&Rs. A next step in our research is to address the assumption that landscape preferences are largely unchangeable. As the NDV experiment is longitudinal, we hope to be able to document if preferences can be changed by exposure to different landscape types. Most prior research has not empirically examined how the exposure to different landscape environments might actively shape landscape preference. This is a critical omission. It is possible that some individuals do not favor arid landscapes simply because they have never been exposed to them in a residential setting. Perhaps a lack of experiential knowledge of native desert landscapes is causing a lack of "knowledgebased affect" (Demerath, 1993) . In other words, perhaps individuals require actual experience with a desert landscape to fully realize that these landscapes are good for the local environment, perceived dangers to children and pets from desert plants can be successfully addressed, and lower water use plants and the native species they attract, such as hummingbirds or butterflies, can be aesthetically pleasing. Knowing this, city planners, builders, and decision makers might feel more secure to mandate, require, or promote (with incentives) arid landscapes. Even if people initially express negative affective responses to these landscapes, familiarity may eventually lead to positive evaluations.
